The nucleotide sequence of a 2.2 kb genome region of the baculovirus Cryptophlebia leueotreta granulosis virus (CIGV) encompassing the granulin gene and a second open reading frame, designated ORF909, was determined. The putative granulin ORF comprises 744 nucleotides encoding a polypeptide with a predicted Mr of 29.3K. The 5' leader of the granulin gene contains a canonical late baculovirus promoter (ATAAG) and differs only in two nucleotide positions from the sequence of Cydia pomonella granulosis virus (CpGV). Sequence comparison with the granulin genes of different granulosis viruses indicated a very close relationship between C1GV and CpGV of about 96%
amino acid identity. ORF909 is 909 nucleotides in length and encodes a potential protein of M r 36.2K. It contains two zinc finger-like motifs, similar to ME53, which was previously described for Autographa californiea multiple nucleocapsid nuclear polyhedrosis virus. ORF909 protein is significantly shorter than ME53 protein, lacking more than 105 amino acids of the amino terminus of ME53. Both genes contain an early and a late promoter motif suggesting a similar temporal regulation. Homologous sequences to ORF909 are also present upstream of the granulin genes of other granulosis viruses (GVs) indicating that this ORF is common in GVs.
Granulosis viruses (GVs), a genus of the family Baculoviridae, are characterized by enveloped and doublestranded circular DNA-containing virions which are singly embedded in a capsular occlusion body. GVs have been isolated from about 150 insect species, all within the order Lepidoptera (Francki et aI., 1991) . The Cryptophlebia leucotreta granulosis virus (C1GV) is a pathogen of the false codling moth (C. leucotreta), which causes economic damage to different agricultural crops in tropical Africa. C1GV can be used effectively for the biological control of this pest insect (Fritsch, 1988) . Recently a detailed restriction map of the 112.4 kbp large genome of C1GV was constructed and the sequence similarity to the genome of Cydia pomonella granulosis virus (CpGV) was investigated by hybridization experiments (Jehle et al., 1992) . Three cross-hybridizing regions of the genomes of C1GV and CpGV were located when stringent hybridization conditions were applied. In order to get a more detailed impression of the relationship t Present address: Department of Virology, Wageningen Agricultural University, PO. Box 8045, 6700 EM Wageningen, The Netherlands.
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between the two viruses we have investigated two of the cross-hybridizing regions within the CIGV genome. Based on hybridization data with CpGV restriction fragments, one of these regions was expected to contain the granulin gene (Jehle et al., 1992) . Another region contained the gene for a small and extremely basic DNAbinding protein and adjacent open reading frames. These were surprisingly similar in arrangement and sequence to nuclear polyhedrosis viruses (NPVs) (Jehle & Backhaus, 1994) . In this study we present the cloning and nucleotide sequence analysis of the granulin gene region of C1GV. The granulin gene is highly conserved within granulosis viruses and is also closely related to the polyhedrin of NPVs (Rohrmann, 1986) . Granulin or polyhedrin is the major component of the large protein capsule occluding the virions. This gene locus has received considerable attention because it can be replaced by foreign genes which are expressed at high levels in infected insect cells or insect larvae (Miller, 1988) .
For sequence analysis we used the NdeI-F fragment (5.4kbp, 98.5 to 3-3 map units) from the previously described plasmid library of isolate C1GV-CV3 (Jehle et al., 1992) . This plasmid (designated pCV3NDF) hybridized strongly to the fragments EeoRI-I and EcoRI-L of CpGV, which were known to contain the granulin gene of CpGV. To prepare appropriate sequencing templates 0001-2705 © 1994 SGM The NdeI-F fragment was cloned into pGEM-5Zf(+) (plasmid pCV3NDF) and subcloned into the vector pGEM-7Zf(+) resulting in the plasmids pCV3BK13 and pCV3NEI5 which were sequenced. The gap between the two plasmids was sequenced using sequence specific primers. Below the pCV3NDF segment, the organization and orientation of the identified ORFs are given and the early (TATA) and late (ATAAG) promoter motifs are indicated. B, BamH1 ; E, EcoRI; K, KpnI; N, Ndel; Nr, Nrul. pCV3NDF was subcloned as a NdeI-EcoRI fragment (about 1.5 kbp) and a BamHI-KpnI fragment (about 1.3 kbp) into the vector pGEM-7Zf(+), resulting in the plasmids pCV3NE15 and pCV3BK13, respectively ( Fig.  1 ). From these two plasmids unidirectional exonuclease III deletion clones were generated by the method of Henikoff (1987) using the Erase-a-Base system (Promega). Plasmid pCV3NE15 and a part of pCV3BK13 were sequenced in both directions using the dideoxynucleotide chain termination method (Sanger et al., 1977) . Contrary to expectation it was found that the two plasmids did not overlap. The reason for this gap was a BamHI site generating a small BamHI fragment of 297 bp which was not detected during the construction of the restriction map of C1GV (Jehle et al., 1992) . The sequence gap between pCV3NE15 and pCV3BK13 was bridged by sequencing the original pCV3NDF with specific primers derived from the nucleotide sequences of pCV3NE15 and pCV3BK13. Sequence data were compiled and analysed using the software packages of GENMON version 4.2 (GBF, Braunschweig) and the University of Wisconsin Genetics Computer Group (UWGCG) (Devereux et al., 1984) . A total nucleotide sequence of 2231 bp was determined. Two open reading frames were identified by sequence analysis (Fig. 2) , ORF909 (nt 267 to 1175) and the granulin ORF (nt 1232 to 1975). The granulin gene coding sequence contained 744 nucleotides with an encoding capacity of 248 amino acids. Its predicted M r (29.3K) agreed with the size of the C1GV granulin determined by SDS-PAGE (Fritsch, 1989) . A late promoter sequence, ATAAG, characteristic of all late baculovirus genes was located 29 nucleotides upstream of the translational start. No canonical poly(A) signal sequences (AATAAA) were identified within the 250 nucleotides downstream from the translation stop (Blissard & Rohrmann, 1900) . However, this region is characterized by extensive repetitive sequence patterns predominantly consisting of TATC and TTTTATC cores.
The alignment of the 5' leader sequences of GV granulin genes sequenced to date is given in Fig. 3 (Crook, 1991) . It shows a fully conserved 14-mer surrounding the ATAAG core of all the granulin gene promoters as well as an almost complete identity between the C1GV and CpGV leaders. The two sequences differ by only two nucleotides (at positions -1 and -4 of the alignment), whereas the leader of PbGV (Pieris brassicae granulosis virus) differs from C1GV and from CpGV by four and five nucleotides respectively. The differences between the TnGV (TrichopIusia ni granulosis virus) leader and C1GV or CpGV amount to 10 nucleotides in each case. The C1GV granulin gene is the only one of all the sequenced baculovirus polyhedrin or granulin genes that has a guanine, not an adenine, residue at position -3 (position -4 of the alignment in Fig. 3 ) upstream of the translational start (Rohrmann, 1986) . The surrounding nucleotides of the start codon have a strong effect on RNA translation. A purine base, in particular an adenine residue at position -3, was shown to be necessary for maximum translational efficiency (Kozak, 1986) .
The sequence comparison between the ORFs of the granulin genes of CpGV (N. E. Crook, personal communication), TnGV (Akiyoshi et al., 1985) and PbGV also indicated a close relationship between the C1GV and CpGV granulins. The two sequences share nucleotide and amino acid identities of 86% and 98%, respectively. The sequence identities between C1GV (or CpGV) and PbGV as well as TnGV are about 76 to 78 % for the nucleotide and 83 to 87 % for the amino acid sequences, respectively (Table 1) .
ORF909 was located upstream of the granulin gene (Fig. 2) . It encodes a polypeptide of 303 amino acids with a predicted Mr of 36.2K. Screening the sequence database using the software BLASTP revealed a significant similarity to ME53 which was recently characterized for Autographa californica multiple nucleocapsid nuclear polyhedrosis virus (AcMNPV) (Altschul et al., 1991; Knebel-M6rsdorf et al., 1993) . AcMNPV ME53 potentially encodes a 53K polypeptide and was shown to be transcribed early in Spodoptera frugiperda cells after infection. It contains a series of cysteine residues clustered into two putative zinc finger motifs. Zinc fingers are generally assumed to have a DNA-binding function (Evans & Hollenberg, 1988) . Although the overall amino acid sequence identity between ME53 and ORF909 is only 21% (47 % sequence similarity), the two zinc finger motifs are strongly conserved in both ..........................  C!~ ~. CATG  PbGV  ....................  ---. ..... ~.. -ATG  TnGV  .................. Fig. 3 . Alignment of the 5' leader sequences of C1GV, CpGV, TnGV and PbGV. Dots indicate nucleotide identity, dashes denote gaps introduced to optimize sequence alignment. The position of nucleotides with respect to the ATG start codon is indicated above the sequences.
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The actual -3 position of each sequence is shaded. Completely conserved nucleotide positions are indicated by a * sequences (Fig. 4) . ORF909 is substantially shorter than ME53, lacking more than 105 amino acids of the predicted amino terminus of ME53. The promoter elements found upstream of ORF909 are also very similar to those of ME53. These include a late promoter element (ATAAG, nt 161) as well as early promoter motifs (Blissard & Rohrmann, 1990 ). An early promoter TATA box (nt 191) and a consensus mRNA start site Mans, personal communication). These promoter homologies suggest a similar temporal regulation of ORF909. Downstream of ORF909 a canonical poly(A) signal was not identified. The gene organization immediately upstream of the polyhedrin genes varies considerably between different NPVs. For example, the gene organization of AcMNPV is -lef2-ORF603-polyhedrin-, whereas in Bombyx mori NPV -/ef2-polyhedrin-and in Anticarsia gemmatalis NPV and Orgyia pseudotsugata NPV it is -/ef2-ORF2polyhedrin-(for review see Zanotto et al., 1992; Kool & Vlak, 1993) . In contrast to this variability upstream of the polyhedrin gene, there is evidence that within GVs the corresponding locus upstream of the granulin gene frequently contains sequences homologous to ORF909. For example, for CpGV 166 amino acids of the C terminus of a partial ORF were detected and showed 66 % identity to ORF909, and for PbGV 48 % identity was observed in 31 predicted amino acids of a partial ORF (N. E. Crook, personal communication); Chakerian et al., 1985) . These findings suggest that the gene organization upstream of the granulin or polyhedrin genes may be more conserved within GVs than among NPVs. Furthermore, the sequence homologies between the granulin genes including ORF909 and its partially sequenced counterparts in CpGV and PbGV indicate a closer phylogenetic relationship between C1GV and CpGV (which are infectious for the closely related Tortricidae C. leucotreta and C. pomonetla) than to PbGV or TnGV.
